WO NOVEL N-maleanilinic acid derivatives (I-II) namely (E) -oxo -4-((4-methyl phenyl) amino)-4-oxobut-2-enoic acid (p-MMA) and (E) -4-((4-methoxy phenyl) amino)-4-oxobut -2-enoic acid (p-MOMA) were prepared by solvent free reaction between maleic anhydride, p-methyl and p-methoxy aniline derivatives in a good yield. These compounds were synthesized and investigated using elemental analyses, FT-IR and thermal analyses under argon atmosphere. The crystallographic structures of studied compounds were investigated by X-ray diffraction (XRD). The molecular structures of the titled compounds in the ground state were optimized by DFT/B3LYP and HF methods with 6-311G++ (d,p) basis set. Calculations were carried out by GAUSSIAN 09 suite of programs. Natural bond orbitals (NBO) analysis and frontier molecular orbitals were performed using NBO 3.1 program implemented in the Gaussian 09 package are presented at the same level of theory. These results were tabulated. This research aims chiefly to correlate between the structures of these investigated derivatives using experimental techniques in comparison with the theoretical molecular orbital (MO) calculated parameters. This correlation between experimental and theoretical calculations provided a good confirmation of the proposed structures of the newly prepared compounds. The derivatives were found to be highly effective against Hepatocellular carcinoma cells > Breast carcinoma cells > colon carcinoma cells. It was recognized, that cancer cells over expression promotes tumorigenic functions; were suppressed by p-MMA > p-MOMA inhibitors.
Introduction
The aim of this research the synthesis and investigation of two novel maleanilinic acids derivatives in different solvents were performed [1] [2] [3] [4] [5] [6] . N-substituted maleanilinic acid derivatives can be used to prepare the maleimides: which are an important class of substrates for biology as chemical probes of protein structure [7] . It can be used as protective and curative fungicides [8] .
In polymer chemistry they can be used as photo initiators for free-radical polymerization [9, 10] . They can also be used as monomers in polymaleimides or their copolymers synthesis. The computational chemistry [11] is rapidly growing; using home computers and getting faster; which can be used for the interpretation of experimental results [12] . Therefore, this paper is mainly focused on studying molecular structure reactivity relationship of maleanilinic acid derivatives via investigation of their decomposition mechanisms using thermal (TA) in comparison with the theoretical molecular orbital calculations. They can also be used as monomers in polymaleimides or their copolymers synthesis. The experimental results obtained are also correlated with the theoretical data of MOCS to identify the weakest bonds broken during both mass and thermal studies. Knowing this structural session of bonds can be used to decide the active sites of these derivatives responsible for their chemical and biological properties. These derivatives are tested against cancer cells as health applications to confirm their life importance.
Experimental

Materials and Methods
Analytes All chemicals used were purchased from Arcos, Oxford and Merck Chemical Co. (Germany). Maleic anhydride, P-Toluidine, 99% crystalline and P-Methoxy aniline were used as received. Two N-maleanilinic acids were prepared according to the procedures reported in the literature [13] . Aniline derivative of 12.75 g (0. 1 mol) was mixed and ground at room temperature with maleic anhydride 9.8 g (0. 1 mol) in an agate mortar. During crunching processes greenishyellow color products appeared. The grinding was continued for 30 min or more. The crude products were crystallized from ethanol and the collected greenish-yellow crystals were dried. Analytical parameters of the prepared N-substituted maleanilic acids are listed in Table 1 .
Instruments
Elemental microanalysis of the synthetized compounds and separated solids, for C, H and N were performed in the Microanalytical Centre, Cairo University using Elementar CHNS analyzer, model Vario EL III.
Thermal analyses (TA) of two N-Maleanilic acid derivatives (I-II) were measured using thermal analyzer of TA Q500. The mass losses of p-MMA and p-MOMA 1.71, 3.42 mg samples respectively and the changes of the samples with temperature were measured from room temperature up to 500 o C. The heating rates in an argon atmosphere were 5, 10 and 15 0 C min -1 . These instruments were calibrated using indium metal as a thermally stable material.
The FT-IR spectra were recorded on Thermo Electron Corporation, Madison, WI 53711, USA in range of 4000-400 cm -1 . The spectral resolution is ± 2 cm -1 using KBr disc technique.
The molecular structures of Maleanilinic acid derivatives (I-II) in the ground states were optimized ( Fig. 1 ) by a DFT method and using B3LYP functional [14, 15] combined with 6-311G++(d,p) basis set [16] . In this work, the calculations have been carried out on p-MMA and p-MOMA molecules; neutral molecule (related to TA decomposition) and charged molecular ion (related to MS fragmentation); which have been then used for prediction of the weakest bond broken to follow the fragmentation pathways in both techniques. The calculations were carried out using GAUSSIAN 09 [17] suite of programs. Natural bond orbitals (NBO) analysis and frontier molecular orbitals were performed using NBO 3.1 program [18] implemented in the GAUSSIAN 09 package at the DFT/B3LYP/6-311G++(d,p) at the same level.
The crystallite phases of different samples were identified by Powdered X-ray diffraction (XRD) using a step size of 0.04• and at a scanning rate of 1.2•/min with continuous Scan mode on a ARL™ X'TRA Powder diffractometer, Thermo Fisher Scientific Inc. Available at Science and technology of excellence (STCE) with crystallographic data software Winxrd program attached with ICDD laboratory information using metal ceramic tube Copper Target (with Cu-K-alpha wave length=1.5405981 A˚) radiation operating at accelerating voltage and applied current were 44 kV and 45 mA, respectively, Ni Filter and scintillation detector (NaI (TI) scintillation crystal). The diffraction data was recorded for 2Ɵ values between 10• and 70•.
Cytotoxicity studies and procedures
Cytotoxicity studies and procedures were involved the following [19, 20] Cell line Propagation: The cells were propagated in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% heat-inactivated fetal bovine serum, 1% L-glutamine, HEPES buffer and 50µg/ mL gentamycin. All cells were maintained at 37ºC in a humidified atmosphere with 5% CO 2 and were subcultured two times a week.
Results and Discussion
Structural determination of N-Substituted maleanilic acids
Two n-substituted Maleanilinic acid derivatives (I-II) were prepared by reaction between solid maleic anhydride (MA) and various solid N-substituted anilines at room temperature by solvent-less procedure. The prepared Maleanilinic acids are depicted in Scheme 1. The synthetic method used to prepare novel maleanilinic acid derivatives is simple, clean, economic and nearly quantitative of high yields ( Table 1 ).
The elemental analyses of the prepared compounds and their analytical parameters are given in Table 1 .
The vibrational spectra
Scheme 1. Synthesis of maleanilic acid derivatives (I-II) The structure conclusions of two novel maleanilinic acids are summarized. For simplicity, modes of vibrations of aromatic compounds are considered as separate ring C-H or C-C vibrations. However, as with any complex molecules, vibrational interactions occur and these labels only indicate the predominant vibration. Substituted benzenes have large number of sensitive bands. These bands; which position are significantly affected by the mass and electronic properties, mesomeric or inductive, of the substituents. According to the literature [21, 22] , in infrared spectra, most mono nuclear and poly nuclear aromatic compounds have three or four peaks in the region 3000 -3100 cm -1 [23] , these are due to the stretching vibrations of the ring C-H bonds. Accordingly, in the present study, C-H stretching vibrations experimentally are appeared at 3090 (3020) and 3068 (2998) cm -1 respectively. These assigned frequencies are ordered in increasing wavenumber values as pMMA < p-MOMA. These bonds indicated the ring vibrations affected by the Hamette substituents values [24] . The spectrum of O-H of carboxylic acid group is usually appeared as broad absorption band occurring in the region from 2400 to 3400 cm -1 [25] . . This lower -frequency absorption is due to the resonance in the amide functional group; so stretching band of carbonyl group of cyclo-imide 1680.07cm -1 . Aromatic amine shows strong C-N stretching absorption in the region of 1300-1000 cm -1 [27] of peak at1304.67 cm -1 . Therefor, the higher frequency is due to the force constant of the C-N bond as increased due to resonance with the benzene ring and also N-H of secondary amine is wagging 896.17 cm -1 . With C-O stretching vibration band (1269 cm -1 ) for acid as a medium intensity band, stretching vibration band at 3088 cm -1 due to presence of C-H sp 2 , C=C of benzene ring 1597.98cm -1 [28, 29] . These data confirmed the prepared structure of derivatives in Fig. 2 .
Thermal analyses
In TA, the molecules are continuously energized and deactivated by a gas evolution and the distribution of energy can be described as a function of temperature. Thermogram (TG) is a technique in which the change in weight of substances is recorded as a function of temperature or time. It is represented as weight change with temperature (TG) and a derivative curve (DTG). The TG/DTA curves of the title compounds were displayed between 25 to 400 o C using a heating rate (10 o min -1 ) and results obtained are given in Fig. 3 and 4.
The interpretation of these data and complete description of the thermal degradations of these derivatives are shown in Table 2 .
The thermal analyses results show that both of these compounds have similar behavior. The p-methyl derivative (p-MMA) decomposed in one step as given by the TG/DTG curve (Fig. 3) ; while p-MOMA decomposed in two steps (Fig. 4) . The steps of decomposition of the title compounds are detected and confirmed by DTA.The proposed thermal decomposition of these derivatives represented in Scheme 2.
In general, the first step is due to the broken of the bond C4-N7 position in the title compounds; which confirmed by mass losses from TG and DTG as shown in Table 3 .This appears in DTA as endothermic peak and small exothermic peak that is due to chemical rearrangement to form 4-amino-4-oxobut-2-enoic acid C 4 C. This corresponding temperature ranges and the changes accompanying the mass loss are followed from the DTA study. In DTA curve, the first loss is referred to endothermic reactions, but Table 3 .
Scheme 2. Proposed thermal decomposition of derivatives
It is found, that ΔG, E*, ∆S and ∆H values are changed from one thermal stage to another. These results indicate that, the increasing of heating rate facilitated the decomposition of the two derivatives; which confirmed by the positive ΔH and ΔG values as endothermic processes. The positive ΔS values indicate the disorder of the obtained fragments in thermal decomposition of p-MMA as a whole and in first step of p-MOMA derivative at different heating rates. While the negative values of ΔS in second step decomposition of p-MOMA may refer to stability and great ordering of the obtained fragments. The gradual decrease in activation energy required for thermal degradation (E*) values with the increase of heating rate means that; the rate of thermal decomposition of both derivatives increases with increasing of heating rate. The obtained broken coming from thermal degradation of neutral molecule derivatives will be confirmed by molecular orbital calculations (MOCs).
Theoretical calculations Geometry optimization
To illustrate the broken coming from thermal degradation of neutral molecule derivatives; so it is necessary to investigate the geometry change of compounds structure. The geometry optimized parameters bond length, bond order and bond angle of p-MMA and p-MOMA calculated by B3LYP/6-311++G(d, p) and HF/6-311G(d), regarding to our knowledge the experimental data on geometric structure of p-MMA and p-MOMA are not available in the literature. Therefore, the theoretical results have been compared with the experimental data on N-phenylmaleamic acid [31] as shown in Table 4 .
From the theoretical values (bond length, bond order and bond angles) of p-MMA and p-MOMA, we can notice that the most of optimized bond angle (C2C1C6) is lower than the corresponding value of N-Phenylmaleamic acid. The bond angles C2C1R and C6C1R are higher than N-Phenylmaleamic acid. The values of C1-R bond (bond length and bond order) are increased in following order: p-MMA (~1. 51Å, 1.02) ˃ p-MOMA (~1.363Å, 1.003). This difference in bond length, bond order and bond angles may be attributed to redistribution of charges on atoms of R = CH 3 and OCH 3 in the para-position of the benzene ring. This order occurs as a result of the charge redistribution; which due to substituents effects such as electronegativity, electron withdrawing and/or electron attracting abilities in form of Hamette ' s substituents values [24] . The optimized bond lengths of C-C in benzene ring falls in the range 1.379-1.404 Å which are in good agreement with those of experimental bond lengths [1.377-1.403 Å]. The bond length of C4-N7, C8-C10 and C11-C12 are more elongated than other bonds; which also is in agreement with N-Phenylmaleamic acid bond length. The bond length C4-N7 elongation is due to delocalization charges on benzene ring. The bond lengths C8-C10 and C11-C12 elongation are due to the withdrawing effect of O9 and N7 on C8 atom and effect O13and O14 on C12 atom. Consequently, the loss of any part of the studied compounds during either thermal or mass fragmentation is mainly related to the elongation of these bonds.
Frontier molecular orbitals (FMOs)
The knowledge of frontier orbitals is important for determining the reactivity of molecules. Therefore, energies of highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) of the title compounds are calculated using theories and their basis sets, HF/6-311G (d) and DFT/B3LYP/6-311G++(d,p). According to Koopman's theorem [32] , the ionization energy (I) and electron affinity (A) related to the energies of HOMO and LUMO as I = -E HOMO and A = -E LUMO . These orbitals determine the way the molecule interacts with other species; where HOMO represents the ability of the molecule to donate an electron whereas LUMO represents ability of molecule to accept an electron. The frontier orbital energy gap (The energy difference between HOMO and LUMO) helps to characterize the chemical reactivity and kinetic stability of the molecule. A molecule with a small frontier orbital gap is more polarizable and is generally associated with a high chemical reactivity, low kinetic stability and is also termed as soft molecule [32] . Alternatively, the chemical hardness and softness of a molecule are good [33] . HOMO and LUMO orbitals are shown in Fig. 5 .
As shown in Fig. 5 , the p-MOMA compound has less energy gap (2.60eV of HF and 3.398eV of B3LYP), thus it is more reactive and softer (0.769 of HF and 0.572 of B3LYP) than the p-MMA (0.649of HF and 0.542of B3LYP) compound. In addition, the chemical potential (μ) and electronegativity (χ) of a molecule can be calculated as follows: μ = -(I + A)/2, and χ = (I + A)/2, i.e. μ = -χ. The electrophilicity index (ω), x = μ 2 /2ɳ, [34] is a measure of energy lowering due to maximal electron flow between donor and acceptor, which indicated that there is similarity for two derivatives.
The substituents (R= OCH 3 and CH 3 ) of title compounds can influence reactivity of molecules; which increased molecular dipole moments as a result of increasing electrophilicity of the substituent. Electrophilic substitution may be correlated with the electron donating or electron withdrawing. The calculated molecular dipole moments by both HF and DFT theories are found to be dependent on the electron donating power of Hammett substituents and they are presented in the following order: p-MMA (4.954D) ˂ p-MOMA (6.257D) of HF and p-MMA (5.159D) ˂ p-MOMA (6.543D) of DFT/B3LYP. From these data it is concluded that, the p-MOMA is more reactive and polarizable compound than the p-MMA.
Natural Bond Orbitals (NBO) Atomic Charges
NBO atomic charges calculation has an important role in the application of quantum chemical calculation to molecular system; because atomic charges affect dipole moment, molecular polarizability, electronic structure, and a lot of properties of molecular systems [35] . The charge distribution over the atoms suggests the formation of donor and acceptor pairs involving the charge transfer in the molecule (Fig. 5) . Atomic charge has been used to describe the processes of electronegativity equalization and charge transfer in chemical reactions [36, 37] . and 0.12482e of B3LYP) has a positive charge. Likewise, C8 atom (~0.81e of HF and ~0.63e of B3LYP) and C12 atom (0.93e of HF and ~0.76e of B3LYP) possess the maximum positive charge among all carbon atoms in p-MMA and p-MOMA compounds. This is due the withdrawing effect of O9 and N7 on C8 and C4 atom and effect of O13 and O14 on C12 atom. It is confirmed by low charge density on C10 atom (~ -0.23e of HF and ~ -0.21e of B3LYP), and on C11 atom (-0.23eof HF and ~ -0.23e of B3LYP). This withdrawing effect causes elongation of the bonds C8-C10, C11-C12 and C4-N7 respectively.
From the values of partial charges (Fig. 6 ) on atoms we notice that there is a repulsive force of C1-R and C4-N7 in p-MMA molecule and 
Natural bonding orbitals analysis
The natural bonding orbitals (NBO) analysis can show an efficient way for describing intra and inter-molecular bonding and interactions between bonds. Also, it is a convenient way to investigate charge transfer or hyper-conjugative interactions in the molecular system [38] . The hyper-conjugative is given as stabilizing affects that due to overlapping between an occupied (filled) orbital with another unoccupied (empty) orbital. NBO analysis has been calculated on p-MMA and p-MOMA at DFT/B3LYP/6-311++G(d,p) method to investigate the intra and inter-molecular interaction and delocalization of electron density.
Molecular electronic potential maps
The molecular electrostatic potential (MEP) is best suited for identifying sites for intra-and intermolecular interactions [39] . In compoundreceptor, it is a very useful descriptor in understanding sites for electrophilic and nucleophilic reactions [40] . To predict reactive sites of the investigated p-MMA and p-MOMA molecules; the molecular electrostatic potential (MEP) was calculated with B3LYP/6-311++G(d,p) for the optimized geometries by using the Gauss View 5 software. The MEP maps of p-MMA and p-MOMA are shown in Fig. 7 . So there are different values of the electrostatic potential at the MEP surface are represented by different colors. Therefore, the shades of red represent the regions of electronegative electrostatic potential; the shades of blue show the regions of the positive electrostatic potential and the green color illustrates the regions of zero potential. The potential increases in the following order: red<orange<yellow<green<blue. The maximum negative region (red color) determines the site for electrophilic attack whereas the maximum positive region (blue color) indicates the site of nucleophilic reaction.
In the case of the p-MMA structure, the limit of the molecular electrostatic potential is ±0.119 a.u atoms reflect the most electronegative region (orange regions) and show medium nucleophilic activities due to negative charge excess, it can be proven as a favored site of electrophilic attack. The H20 and H23 atoms have positive charge (dark blue region); which can be acted as centers for several inter H-bond with other molecules.
Correlation of the TA behavior, DFT calculations, and NBO analysis of the neutral p-MMA and p-MOMA molecules
In literature there is no study on the thermal stability of these compounds with temperature changes. The determination of initial bond cleavage would be an important first step in using these calculations in a predicative manner [41] . The occupancies and energies of bonding molecular orbital of p-MMA and p-MOMA compounds are given in Table 6 .
On the basis of these computational data of B3LYP/6-311++G(d,p) calculation for the p-MMA and p-MOMA molecules; there are C4-N7, C8-C10 and C11-C12 bonds have average larger bond length (1.412Å, 1.50Å and 1.475Å) and average lower bond order (1.02, 1.00 and 1.03) respectively. Otherwise, C1-R of p-MMA has lager bond length (1.51 Å) with lower bond order (1.00) compared to p-MOMA molecule. The electrostatic attraction forces between C4 (0.12482) and C7 (-0.57902) are smaller than that between C8 (0.62880) and C10 (-0.21229) and between C11(-0.23581) and C12(0.75575) from Fig. 7 . Also, from Table 9 , the bond energies of bond C1-R and C4-C7 are lower than that of bonds C8-C10 and C11-C12.
Interestingly, from our point of view, it is expected that the C4-N7 bonds are first bond cleavage because of i) small difference in bond length and bond order between the bonds. ii) The electrostatic attraction between C4 (0.12482) and C7 (-0.57902) are lower than between C8(0.62880) and C10(-0.21229) and between C11(-0.23581) C that corresponding temperature ranges and the changes accompanying the weight loss are followed from the DTA study.
XRD characterization
The powder X-ray diffraction (XRD) profiles are obtained for both two derivatives; which have main sharp peaks are identified at angles (2θ) and (d-spacing) for p-MMA and p-MOMA (Fig. 8) . [24] . The quantitative elemental analysis of X-ray energy dispersive spectroscopy was mainly used for confirming the presence of substituent atoms in para position on the benzene ring. These results refer to high degree crystallinity of both These data refer to cytotoxicity of p-MOMA is found to be more toxic for the three kinds of carcinoma cells (81, 44.7 and 54.9 µg / mL) than p-MMA (51.3, 14.7 and 13 µg / mL). The high cytotoxicity of p-MOMA can be rationalized and correlated with theoretical calculations. The pronounce cytotoxicity of p-MOMA may be attributed to the calculated molecular dipole moments by both HF and DFT theories; which are found to be dependent on the electron donating power of Hammett substituents and they are presented in the following order: p-MMA (4.954D) ˂ p-MOMA (6.257D) of HF and p-MMA (5.159D) ˂ p-MOMA (6.543D) of DFT/B3LYP. From these data it is concluded that, the p-MOMA is more reactive and polarizable compound than the p-MMA. The molecular electrostatic potential (MEP, Fig. 7) referred to the more possible intraand intermolecular interactions [39] of p-MOMA molecule to carcinoma cells than p-MMA as confirmed by molecular electrostatic potential values of ±0.221 a.u for p-MOMA and ±0.119 a.u for p-MMA.
Conclusion
This work involved preparation of new compounds p-MOMA and p-MMA by solvent free reaction between maleic anhydride and methyl and methoxy aniline derivatives at room temperature and characterized by different physico-chemical techniques. This new approach, solvent free preparation method is simple, clean, economic and nearly quantitative or high yield. The experimental studies were complemented by molecular orbital calculations at DFT/ B3LYP method and HF with 6-311++G (d,p) basis set with 6-311G(d) basis set, respectively. Calculations were carried out using GAUSSIAN 09 suite of programs. The molecular geometry parameters are generally agreed with the N-phenylmaleamic acid experimental values. The geometry optimization of studies molecules showed that bond lengths C1-R, C4-N7, C8-C10 and C11-C12 are longer bond length and C1-R for p-MMA compound is longest bond length (weakest bond) between both molecules. This is mainly due to attachment of electro-negative oxygen (O9, N7, O13 and O14). From total energy and dipole moment we estimated p-MOMA compound is higher reactivity with less stability. Also, these data confirmed from HOMO and LUMO energy gaps. NBO calculations show that there is a strong delocalized electron on the aliphatic parts C 4 H 5 NO 3 and benzene ring of both studied compounds and consequently increase of stability of these parts.
Cytotoxicity
The results obtained of cytotoxicity studies indicate that:
Inhibitory activity of p-MMA against Breast carcinoma cells was detected under the experimental conditions and found to be IC50 = 51.3µg/mL < against Colon carcinoma cells and found to be in the order IC50 = 31 µg/mL < against Hepatocellular carcinoma cells and found to be IC50 = 14.7 µg/mL. Inhibitory activity of p-MOMA against Breast carcinoma cells was detected under these experimental conditions and found to be in the order IC50 = 81 µg/mL < against colon carcinoma and found to be in the order IC50 = 54.9 µg/mL < Inhibitory activity against Hepatocellular carcinoma and found to be IC50 = 44.7 µg/mL. Therefore; p-MMA and p-MOMA are highly effective against cancer cells in the following order: Hepatocellular carcinoma cells> colon carcinoma cells ˃ Breast carcinoma cells and p=MOMA is more effective than p-MM as confirmed by TA and theoretical calculations.
